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SPECIFTCATTON 

FLYING HEAD SLIDER 
CAPABLE OF AVOIDING COLLISION WHEN LOADED 

BACKGROUND OF THE INVENTION 

Field Qf the Inventions 

The present invention relates to a head slider 
acconunodated in a recording medium drive such as a hard disk 
drive (HDD), in particular, to a flying head slider comprising 
a slider body, a generally flat bottom surface defined on the 
slider body, a front rail standing on the bottom surface at an 
upstream or windward position, and an air bearing surface 
defined on the front rail. 
Description of the Prior Art: 

A load/unload mechanism employing a ramp is well known 
in the technical field of a magnetic disk drive such as a hard 
disk drive (HDD). The ramp is designed to support an elastic 
•head suspension, carrying a head slider at the tip end, when 
a magnetic recording disk stands still. For example, the ramp 
serves to cause bending of the head suspension, in response to 
an outward movement of the head slider in the radial direction 
of the magnetic recording disk, so as to keep the head slider 
distanced from the surface of the magnetic recording disk. 
Without the support of the ramp, the head slider cannot keep 
distanced from the surface of the magnetic recording disk when 
the magnetic recording disk stands still. 

When the head suspension is released from the support of 
the ramp in response to an Inward movement of the head slider, 
the head slider is forced to contact the surface of the magnetic 
recording disk. In this case, the head slider cannot keep 
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distanced from the surface of the magnetic recording disk 
without a lift resulting from an airflow generated along the 
surface of the rotating magnetic recording disk. If the head 
slider takes an inclined attitude different from a 
predetermined normal or horizontal attitude, the head slider 
cannot receive a lift enough to fly above the surface of the 
magnetic recording disk. The elasticity of the head suspension 
causes the head slider to collide against the surface of the 
magnetic recording disk. In particular, the head slider 
including a front rail extending in the lateral direction of 
a slider body is designed to allow generation of a larger 
negative pressure behind the front rail, so that the head slider 
tends to suffer from the collision with the assistance of the 
negative pressure in the aforementioned situation. 

The head slider can be formed to receive a relatively 
larger lift even when the head slider takes the inclined 
attitude. This enables a reliable prevention of the collision 
of the head slider against the magnetic recording disk when the 
head suspension is released from the support of the ramp. 
However, in this case, the behavior of the head slider becomes 
sensitive to variation in the flow rate of the airflow. For 
example, the stability is lost in the attitude of the head slider. 
Specifically, the pitch angle of the head slider tends to 
remarkably increase as it gets closer to the rotational axis 
,of the magfnetic recording disk, since the airflow of a smaller 
flow ratej is generated along the surface of the magnetic 
receding disk at an inward position closer to the rotational 
axis as compared with that at an outward position closer to the 
outer periphery. The upstream or leading end of the head slider 
is more distanced apart from the magnetic recording disk at the 
outward position . In particular, the head slider including the 
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front rail extending In the lateral direction tends to suffer 
from decrease in the negative pressure as it gets closer to the 
rotational axis. This involuntarily induces variation in the 
flying height of the head slider. 



SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
provide a flying head slider capable of avoiding any collision 
upon dropping off a ramp without losing the stability of the 
attitude during flight. 

According to a first aspect of the present invention, 
there is provided a flying head slider comprising: a slider 
body; a generally flat bottom surface defined on the slider 
body; a front rail standing on the bottom surface at an upstream 
position; a front air bearing surface defined on the front rail; 
a rear rail standing on the bottom surface at a downstream 
position; and a rear air bearing surface defined on the rear 
rail. The upstream end of the bottom surface is defined along 
a first datum line extending in the lateral direction of the 
slider body, while the upstream end of the front air bearing 
surface is defined along a second datum line intersecting the 
first datum line at a predetermined inclined angle. 

The flying head slider is designed to receive an airflow 
at the front and rear air bearing surfaces so as to fly. If 
the lift .generated on the front air bearing surface gets 
increased in response to an increase in the flow rate of the 
airflow, the attitude of the slider body varies during flight 
of the flying head slider, for example. However, a decreased 
incidence angle of the airflow in response to the increase in 
the flow rate of the airflow enables a stable attitude of the 
slider body during flight of the flying head slider. The 
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inclined angle defined between the first and second datum lines 
serves to intentionally induce the decrease in the incidence 
angle of the airflow in the flying head slider of the first 
aspect . 

In particular, it is preferable that the front rail is 
designed to define a front surface standing on the bottom 
surface at a position distanced downstream from the upstream 
end of the bottom surface. The front surface of this type allows 
generation of a relatively larger lift on the flying head slider 
at the moment when the flying head slider falls and starts 
receiving the airflow. Consequently, the amount of falling of 
the flying head slider can be minimized. Moreover, even when 
the slider body takes an inclined attitude keeping the upstreeim 
or leading end lower during the falling of the flying head slider, 
the front surface also serves to straighten the inclined 
attitude of the slider body. The slider body is forced to take 
the normal attitude in which the slider body receives an enough 
lift resulting from the airflow. When the flying head slider 
of this type is employed in a recording disk drive, the flying 
head slider is reliably prevented from colliding against a 
recording medium or disk at the moment when the flying head 
slider is loaded. 

According to a second aspect of the present invention, 
there is provided a flying head slider comprising: a slider 
body; a generally flat bottom surface defined on the slider 
body; a frLnt rail standing on the bottom surface at an upstream 
position so as to extend in a lateral direction of the slider 
body; a front air bearing surface defined on a top surface of 
the front rail; a rear rail standing on the bottom surface at 
a downstreeun position; a rear air bearing surface defined on 
the rear rail; a front surface defined on the front rail so as 
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to stand on the bottom surface at a position distanced 
downstream from an upstream end of the bottom surface; a step 
connected to an upstream end of the front air bearing surface 
on the front rail; a first columnar piece standing on the bottom 
surface along the front surface; and a second columnar piece 
standing on the bottom surface along the front surface so as 
to define an air clogging dished space adjacent the front 
surface In cooperation with the first columnar piece. 

The front surface allows generation of a relatively 
larger lift on the flying head slider at the moment when the 
flying head slider falls and starts receiving the airflow In 
the aforementioned manner. Consequently, the amount of 
falling of the flying head slider can be minimized. Moreover, 
the air clogging dished space enables a stable attitude of the 
slider body during flight of the flying head slider Irrespective 
of any Increase In the flow rate of the airflow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present Invention will become apparent from the following 
description of the preferred embodiments In conjunction with 
the accompanying drawings, wherein: 

Fig. 1 Is a plan view schematically Illustrating a hard 
disk drive (HDD) as an example of a recording disk drive; 

Fig.. 2 Is a schematic view Illustrating the structure of 
a load/unjload mechanism; 

Fig. 3 Is an enlarged perspective view Illustrating the 
structure of a flying head slider according to a first 
embodiment of the present Invention; 

Fig. 4 Is a plan view schematically Illustrating a 
medium- opposed surface or bottom surface of a slider body; 
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Figs. 5A to 5C are an enlarged partial sectional view of 
a wafer bar schematically illustrating a process of fabricating 
the bottom surfaces- 
Figs. 6A and 6B are an enlarged partial sectional view 
of the wafer bar schematically illustrating the process of 
fabricating the bottom surfaces- 
Figs. 7A and 7B are an enlarged partial sectional view 
of the wafer bar schematically illustrating the process of 
fabricating the bottom surface; 

Fig. 8 is a plan view illustrating the bottom surface of 
a flying head slider according to a first modification of the 
first embodiment; 

Fig. 9 is a plan view illustrating the bottom surface of 
a flying head slider according to a second modification of the 
first embodiment; 

Fig. 10 is a plan view illustrating the bottom surface 
of a flying head slider according to a third modification of 
the first embodiment; 

Fig. 11 is a plan view illustrating the bottom surface 
of a flying head slider according to a fourth modification of 
the first embodiment; 

Fig. 12 is a plan view illustrating the bottom surface 
of a flying head slider according to a fifth modification of 
the first embodiment; 

Fig. 13 is a plan view illustrating the bottom surface 
of a flying head slider according to a sixth modification of 
the first embodiment; 

Fig. 14 is an enlarged perspective view illustrating the 
structure of a flying head slider according to a second 
embodiment of the present invention; 

Fig. 15 is a plan view illustrating the bottom surface 
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of a flying head slider according to a first modification of 
the second embodiment ; 

Fig. 16 is a plan view illustrating the bottom surface 
of a flying head slider according to a second modification of 
the second embodiment; 

Fig. 17 is a plan view illustrating the bottom surface 
of a flying head slider according to a third modification of 
the second embodiment; and 

Fig. 18 is a plan view illustrating the bottom surface 
of a flying head slider according to a fourth modification of 
the second embodiment . 

DESCRIPTION OF THE PREFERRED EMBODIMENT^; 
Fig. 1 schematically illustrates the inner structure of 
a hard disk drive (HDD) as an example of a recording medium drive - 
The HDD 11 includes a box- shaped primary enclosure 12 defining 
an inner space of a parallelepiped, for example. At least one 
magnetic recording disk 13 is accommodated in the inner space 
of the primary enclosure 12. The magnetic recording disk 13 
is mounted on a driving shaft of a spindle motor 14 . The spindle 
motor 14 is designed to drive the magnetic recording disk 13 
for rotation at a higher rate such as 7,200rpm or 10,000rpm, 
for example. A cover, not shown, is coupled to the primary 
enclosure 12 so as to seamlessly close the inner space of the 
primary enclosure 12. 

A carriage 15 is also accommodated in the inner space of 
the primary enclosure 12 . The carriage 15 is designed to oppose 
its tip end to the surface of the magnetic recording disk 13. 
The carriage 15 includes a swinging arm 17 designed to swing 
around a support shaft 16, and a head suspension 19 fixed to 
the tip end of the swinging arm 17. The head suspension 19 is 
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designed to carry a flying head slider 18 at the tip end. An 
electromagnetic actuator 20 such as a voice coil motor (VCM) 
serves to realize the swinging movement of the swinging arm 17, 
for example. The swinging movement of the swinging arm 17 
allows the flying head slider 18 to move across the surface of 
the magnetic recording disk 13 in the radial direction thereof. 
This radial movement serves to position the flying head slider 
18 right above a target recording track defined on the surface 
of the magnetic recording disk 13. As conventionally known, 
when two or more magnetic recording disks 13 are accommodated 
in the primary enclosure 12, a pair of the flying head sliders 
18, namely, the head suspensions 19 are mounted on a single 
common swinging arm 17 between the adjacent magnetic recording 
disks 13. 

A load bar 21 is attached at the tip end of the carriage 
15, namely, the individual head suspension 19. The load bar 
21 extends forward from the tip end of the head suspension 19. 
The load bar 21 is allowed to move in the radial direction of 
the magnetic recording disk 13 along with the flying head slider 
18 in response to the swinging movement of the swinging arm 17. 

A reunp member 22 is disposed on a path of movement of the 
load bar 21 at a position outside the outer periphery of the 
magnetic recording disk 13. As shown in Fig. 2, the load bar 

21 is allowed to climb up a slant 23 defined on the ramp member 

22 as the flying head slider 18 moves in the outward direction 
along the radial direction of the magnetic recording disk 13. 
The flying head slider 18 is thus distanced apart from the 
surface of the magnetic recording disk 13 as the load bar 21 
moves upward along the slant 23. When the load bar 21 has 
completely climbed up the slant 23 so as to enter a depression 
24 on the ramp member 22, the load bar 21 is restrained from 
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the inward movement in the radial direction of the magnetic 
recording disk 13. In this manner, the flying head slider 18 
can be kept distanced from the surface of the magnetic recording 
disk 13 when the magnetic recording disk 13 stands still. To 
the contrary, when the flying head slider 18 moves in the inward 
direction, the load bar 21 is allowed to move downward along 
the slant 23 • The load bar 21 can finally be released from the 
support of the slant 23, namely, the ramp member 22. Here, a 
combination of the load bar 21 and the ramp member 22 establishes 
a load/unload mechanism. 

Fig. 3 illustrates a specific example of the flying head 
slider 18 according to a first embodiment of the present 
invention in detail. The flying head slider 18 includes a 
slider body 31 of a flat parallelepiped, for example. The 
slider body 31 is designed to oppose its flat bottom surface 
32 to the magnetic recording disk 13. When the magnetic 
recording disk 13 rotates, an airflow is first received on a 
front surface 33 of the slider body 31. An edge or ridgeline 
defined between the front surface 33 and the bottom surface 32 
corresponds to the upstream or leading end 34 of the bottom 
surface 32. 

A front rail 35 is formed to stand on the bottom surface 
32 of the slider body 31 at an upstream or windward position 
closer to the leading end 34 of the bottom surface 32 . The front 
rail 35 is designed to extend in the lateral direction of the 
slider bocjly 31 in parallel with the leading end 34 of the bottom 
surface 32 The thickness of the front rail 35 may be set at 
1 .5-2 .0\xm, for example. A front surface 36 is defined on the 
front rail 35 so as to stand from the bottom surface 32 at a 
position retracted or distanced downstream from the leading end 
34 of the bottom surface 32. 
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Likewise, a pair of rear rails 38a, 38b are formed to stand 
on the bottom surface 32 of the slider body 31 at a downstream 
or leeward position closer to a downstreeun or trailing end of 
the bottom surface 32. The rear rails 38a, 38b are arranged 
In a row In the lateral direction so to as define an airflow 
passage 39 therebetween. The rear rails 38a, 38b are designed 
to extend downstream In the rearward direction toward the 
trailing end of the bottom surface 32. The thickness of the 
respective rear rails 38a, 38b may be set at a predetermined 
thickness equal to the aforementioned thickness of the front 
rail 35. 

A front air bearing surface 40 In the form of a strip Is 
defined on the top surface of the front rail 35 so as to extend 
In the lateral direction of the slider body 31. A step 41 Is 
defined on the top surface of the front rail 35 at the upstreeim 
or leading end of the front air bearing surface 40. As Is 
apparent from Fig. 3, the step 41 may be formed all over the 
periphery of the front air bearing surface 40 except the 
downstream or trailing end thereof. The step 41 serves to 
define a lower surface 42 extending over the top surface of the 
front rail 35 at a level lower than the front air bearing surface 
40. During rotation of the magnetic recording disk 13, an 
airflow generated along the surface of the magnetic recording 
disk 13 Is allowed to flow along the lower surface 42, the step 
41 and the front air bearing surface 40 In this sequence. The 
step 41 enables generation of a larger positive pressure or lift 
on the front air bearing surface 40. 

First and second rear air bearing surfaces 43a, 43b are 
respectively defined on the top surfaces of the rear rails 38a, 
38b, The first and second rear air bearing surfaces 43a, 43b 
are arranged In a row In the lateral direction of the slider 
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body 31 so as to interpose the airflow passage 39 therebetween. 
A step 44 is defined on the top surface of the rear rail 38a 
at the upstreeim or leading end of the first rear air bearing 
surface 43a. Likewise, a step 45 is defined on the top surface 
of the rear rail 38b at the upstream or leading end of the second 
rear air bearing surface 43b. As shown in Fig. 3, the step 45 
may be formed to extend along the periphery of the second rear 
air bearing surface 43b toward the downstream or trailing end 
of the second rear air bearing surface 43b. The steps 44, 45 
serve to define lower surfaces 46, 47 extending over the top 
surfaces of the rear rails 38a, 38b, respectively, at a level 
lower than the first and second rear air bearing surfaces 4 3a, 
43b. During rotation of the magnetic recording disk 13, an 
airflow generated along the surface of the magnetic recording 
disk 13 is allowed to flow along the lower surfaces 46, 47, the 
steps 44, 45 and the first and second rear air bearing surfaces 
43a, 43b in this sequence. The steps 44, 45 enable generation 
of a larger positive pressure or lift on the first and second 
air bearing surfaces 43a, 43b, respectively. 

The flying head slider 18 of this type allows generation 
of a larger positive pressure or lift on the front air bearing 
surface 40 rather than a combination of the first and second 
rear air bearing surfaces 43a, 43b. Accordingly, when the 
slider body 31 flies above the surface of the magnetic recording 
disk 13, the slider body 31 keeps the attitude of a pitch angle 
a. The pjj.tch angle a is defined as an inclined angle in the 
direction of the airflow, namely, in the back-and-f orth 
direction of the slider body 31. In addition, the first rear 
air bearing surface 43a is set smaller than the second rear air 
bearing surface 43b, so that a larger positive pressure or lift 
can be generated on the second rear air bearing surface 43b 
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rather than the first rear air bearing surface 43a when the 
airflow acts on the slider body 31. Accordingly, when the 
slider body 31 files above the surface of the magnetic recording 
disk 13, the slider body 31 Is allowed to keep the attitude of 
a roll angle p . The roll angle p Is defined as an Inclined angle 
In a direction perpendicular to the direction of the airflow, 
namely, in the lateral direction of the slider body 31. 

A magnetic head element embedded in the slider body 31 
is allowed to expose its read/write gaps 48 at the first rear 
air bearing surface 43a. A combination of the pitch and roll 
angles a, p serves to minimize the distance between the slider 
body 31 and the surface of the magnetic recording disk 13 at 
a position around the read/write gaps 48. Consequently, the 
magnetic head element can read and write a magnetic information 
data into and out of the magnetic recording disk 13 in an 
efficient manner . The magnetic head element may include a write 
head element such as a thin film magnetic head utilizing a thin 
film coll pattern, for example, and a read head element such 
as a giant magnetoresistive (GMR) element, a tunnel -junction 
magnetoresistive (TMR) element, and the like. 

A pair of side rails 49 are formed to stand on the bottom 
surface 32 of the slider body 31. The respective side rails 
49 are connected to the front rail 35 at its opposite ends in 
the lateral direction of the slider body 31 so as to extend toward 
the trailing end of the bottom surface 32. The side rails 49 
are desigiled to prevent an airflow, which collides against the 
front rail 35 during rotation of the magnetic recording disk 
13, from entering a space behind the front rail 35 even when 
the airflow flows around the opposite ends of the front rail 
'35. The airflow flowing beyond the front rail 35 across the 
front air bearing surface 40 is thus easily expanded in the 
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vertical direction upright to the surface of the magnetic 
recording disk 13- The expansion of the airflow serves to 
generate a negative pressure behind the front rail 35. The 
aforementioned lift of the slider body 31 is balanced with the 
negative pressure so as to set the flying height of the slider 
body 31 above the surface of the magnetic recording disk 13. 
Recesses 50 are defined between the side rails 49 and the 
corresponding rear rails 38a, 38b, respectively. The recesses 
50 serve to introduce the airflow having flowed around the 
opposite ends of the front rail 35 into the airflow passage 49 
between the rear rails 38a, 38b. The side rails 49 define the 
top surfaces, respectively, leveled or flush with the lower 
surface 42 on the front rail 35. 

As is apparent from Fig. 3, a pair of protrusions, namely, 
front adsorption prevention pads 51 are formed on the front rail 
35 so as to stand on the lower surface 42. The front adsorption, 
prevention pads 51 are preferably located adjacent the leading 
end of the bottom surface 32 as close as possible. The front 
adsorption prevention pads 51 define the top surfaces, 
respectively, higher than the front air bearing surface 40 as 
well as the first and second rear air bearing surfaces 43a, 43b. 

Likewise, a protrusion, namely, a first rear adsorption 
prevention pad 52a is formed on the side rail 4 9 closer to the 
first rear air bearing surface 43a so as to stand on the top 
surface of the side rail 49 , while a protrusion, namely, a second 
rear adsoijrption prevention pad 52b is formed on the rear rail 
38b so as to stand on the lower surface 47 . The rear adsorption 
prevention pads 52a, 52b are located at positions distanced 
upstream from the trailing end of the bottom surface 32. The 
rear adsorption prevention pads 52a, 52b define the top surfaces , 
respectively, higher than the front air bearing surface 40 as 
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well as the first and second rear air bearing surfaces 43a, 43b, 
in the same manner as the aforementioned front adsorption 
prevention pads 51. 

Even when the slider body 31 is seated on the surface of 
the magnetic recording disk 13, the front and rear adsorption 
prevention pads 51, 51a, 51b serve to keep the front and rear 
air bearing surfaces 40, 43a, 43b distanced apart from the 
surface of the magnetic recording disk 13. The contact area 
can be minimized between the slider body 31 and the surface of 
the magnetic recording disk 13 . A smaller adsorption or effect 
of meniscus is only allowed to act on the slider body 31 from 
a lubricating agent or oil spreading over the surface of the 
magnetic recording disk 13. Moreover, since the rear 
adsorption prevention pads 52a, 52b are located distanced 
upstream from the trailing end of the bottom surface 32 in the 
aforementioned manner, the read/write gaps 48 can be kept at 
a position closest to the surface of the magnetic recording disk 
13 without inducing collision between the rear adsorption 
prevention pads 52a, 52b and the magnetic recording disk 13 even 
when the slider body 31 takes the aforementioned attitude of 
the pitch angle a during flight • 

As is apparent from Fig. 4, the ridgeline defining the 
leading end 34 of the bottom surface 32 is designed to extend 
along a first datum line 54 in the lateral direction of the slider 
body 31. :The first datum line 54 is define to intersect the 
longitudijial centerline 55 of the slider body 31 at a right angle. 
On the other hand, the leading end of the front air bearing 
surface 40 is designed to extend along a second datum line 56 
intersecting the first datum line 54 at a predetermined inclined 
angle 0. In the flying head slider 18 of this type, the slider 
body 31 is allowed to take the attitude of a larger pitch angle 
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a as an Incidence angle y of an airflow colliding against the 
step 42 in front of the front air bearing surface 40 gets 
decreased. 

When the magnetic recording disk 13 stands still, the tip 
end of the head suspension 19 is positioned outside the magnetic 
recording disk 13 based on the swinging movement of the swinging 
arm 17. The load bar 21 at the tip end of the head suspension 
19 is received on the ramp member 22. The elastic bending 
induced in the head suspension 19 brings the flying head slider 
18 into a position distanced from the surface of the magnetic 
recording disk 13. Without an airflow, the contact can be 
prevented between the flying head slider 18 and the magnetic 
recording disk 13. 

When the HDD 11 receives instructions for writing or 
reading information data, the spindle motor 14 starts to drive 
the magnetic recording disk 13 for rotation. An airflow can 
thus be generated along the surface of the rotating magnetic 
recording disk 13. When the magnetic recording disk 13 
subsequently has reached the steady state, the swinging arm 17 
is driven to swing in the inward direction toward the rotational 
shaft of the spindle motor 14. As is apparent from Fig. 2, for 
example, the load bar 21 is forced to get out of the depression 
24 so as to move downward along the slant 23 on the ramp member 
22. 

During the downward movement of the load bar 21, the 
flying heajd slider 18 starts receiving the airflow. In the case 
where the flying head slider 18 is allowed to stably take a 
predetermined normal attitude, namely, a horizontal attitude 
when the load bar 21 drops off the ramp member 22 , a predetermined 
positive pressure or lift can be generated on the front air 
bearing surface 40 as well as the first and second rear air 
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bearing surfaces 43a, 43b. The lift Is balanced with a larger 
negative pressure generated behind the front rail 35. The 
flying head slider 18 keeps flying above the surface of the 
magnetic recording disk 13 without touching the magnetic 
recording disk 13 even after the load bar 21 is released from 
the support of the ramp member 22. The magnetic head element 
is allowed to achieve the read/write operation through the 
exposed read/write gaps 48 during flight of the flying head 
slider 18. 

Now, assume that the flying head slider 18 is forced to 
take an inclined attitude allowing the leading end to get closer 
to the surface of the magnetic recording disk 13 as compared 
with the predetermined normal or horizontal attitude. If the 
load bar 21 drops off the ramp member 22 with the flying head 
slider 18 taking the inclined attitude, the airflow flows along 
the front surface 33 of the slider body 31 and the bottom surface 
32 so as to act on the front surface 36 of the front rail 35. 
A larger lift can thus be generated at the leading end of the 
slider body 31. This larger lift at the leading end forces the 
flying head slider 18 back to the horizontal attitude. 
Thereafter, the flying head slider 18 is thus allowed to keep 
flying in the aforementioned manner. If the front surface 36 
of the front rail 35 is flush with the front surface 33 of the 
slider body 31 , an enough lift cannot be generated at the leading 
end of the slider body 31. A larger negative pressure behind 
the front jrail 35 overcomes the lift at the leading end, so that 
the flying head slider 18 involuntarily collides against the 
surface of the magnetic recording disk 13. 

In general, an inclined attitude deviated from the 
predetermined noannal attitude may be established during an 
assembling process, specifically, when the head suspension 19 
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is attached to the swinging arm 17 as well as when the flying 
head slider 18 Is fixed to the head suspension 19. A still 
higher accuracy Is usually required In the assembling process 
so as to avoid establishment of the Inclined attitude. On the 
other hand, according to this embodiment. It Is possible to 
reliably prevent the flying head slider 18 from colliding 
against the magnetic recording disk 13 Irrespective of 
establishment of the Inclined attitude, when the load bar 21 
Is released from the support of the ramp member 22, as compared 
with a conventional flying head slider. The accuracy In the 
assembling process may be loosened as compared with the 
conventional flying head slider. The assembling process can 
be facilitated. Moreover, the yield factor can be Improved. 

A minimum flow rate of the airflow Is established on the 
surface of the rotating magnetic recording disk 13 In the 
vicinity of the rotational axis, while a maximum flow rate Is 
likewise established near the outer periphery. The flow rate 
of the airflow on the rotating magnetic recording disk 13 gets 
higher as it approaches the outermost recording track from the 
Innermost recording track. The pitch angle a should be kept 
constant In the flying head slider 18 during flight irrespective 
of variation in the flow rate of the airflow. However, the front 
surface 36 retracted from the leading end 34 inevitably serves 
to increase the pitch angle a in the flying head slider 18 as 
the flow rate of the airflow gets higher. According to the 



embodlmenjt, since the incidence angle y of the airflow colliding 
against the step 42 gets smaller as the flying head slider 18 
shifts from the innermost recording track to the outermost 
recording track, it is possible to suppress the increase in the 
pitch angle a irrespective of the increase in the flow rate of 
the airflow. The variation in the pitch angle a can be 
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suppressed to the utmost between the Innermost and outermost 
recording tracks. The stabilized pitch angle a In this manner 
also leads to stabilization of the flying height of the flying 
head slider 18. 

When the read/write operation has been completed, the 
swinging arm 17 Is driven to swing In the outward direction 
toward the ramp member 22 outside the outer periphery of the 
magnetic recording disk 13. The load bar 21 Is caused to climb 
up the slant 23 on the ramp member 22. A bending Is Induced 
In the head suspension 19, so that the flying head slider 18 
can be distanced from the surface of the magnetic recording disk 
13. When the load bar 21 has completely climbed up the slant 
23 so as to enter the depression 24, the Inward movement of the 
load bar 21 can be restrained. The flying head slider 18 can 
thus be kept distanced from the surface of the magnetic 
recording disk 13 In this manner. The magnetic recording disk 
13 thereafter stops rotating. 

Next, a brief description will be made on the production 
process of the flying head slider 18. As conventionally known, 
a plurality of magnetic head elements are formed over the 
surface of a wafer, not shown . The wafer may include an AI2O3-TIC 
body covered with an AI2O3 lamination. A plurality of blocks 
are defined on the wafer so as to receive the individual magnetic 
head element. Each block is expected to finally correspond to 
the individual flying head slider 18. For example, 
100xlOO=lj3,000 of the flying head sliders 18 can be cut out of 
a single wafer of Slnches diameter. The formed magnetic head 
elements are covered with an AljOj layer. In this manner, the 

magnetic head elements embedded in the AI2O3 layer of SO^un 
thickness can be obtained on the wafer. 

After the magnetic head elements have been formed, a wafer 
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bar is cut out of the wafer so as to include the aforementioned 
blocks in a row. The cut or exposed surface of the wafer bar 
is thereafter subjected to formation of the bottom surfaces 31 
for the respective blocks in a row. The flying head sliders 
18 are finally cut out of the wafer bar in correspondence with 
the respective blocks. 

In forming the bottom surface 31, a first diamond- 
like-carbon (DLC) layer 62 is formed on the exposed surface 61 
of the wafer bar by a sputtering process and the like, as shown 
in Fig. 5A. The thickness of the first DLC layer 62 may be set 
at approximately S.Onm, for example. An Si or SiC cohesion 
layer of approximately 2.0nm thickness may be interposed to 
couple the first DLC layer 62 with the exposed surface 61 of 
the wafer bar. The cohesion layer may be formed by a sputtering 
process, for example. The first DLC layer 62 is expected to 
serve as a protection layer for the exposed surface 61, namely, 
the bottom surface 31 of a resulting flying head slider 18. A 
second DLC layer 63 is further formed over the first DLC layer 
62 with an Si or SiC cohesion layer interposed therebetween. 
The thickness of the second DLC layer 63 may be set at 
approximately 20nm-40nm, for example. 

As shown in Fig. 5B, a photoresist 64 is formed on the 
surface of the second DLC layer 63 so as to define a pattern 
corresponding to the contour of the respective adsorption 
prevention pads 51 , 52a, 52b. When a reactive ion etching (RIE) 
process i^ effected, the second DLC layer 63 along with the upper 
cohesion layer is removed around the photoresist 64- 
Consequently, the tip portions of the respective adsorption 
prevention pads 51, 52a, 52b are shaped out of the second DLC 
layer 63 below the photoresist 64, as shown in Fig. 5C. 

As shown in Fig. 6A, a photoresist 65 is then formed on 
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the exposed surface of the first DLC layer 62 so as to define 
a pattern corresponding to the contour of the front air bearing 
surface 40 as well as the first and second rear air bearing 
surfaces 43a, 43b. When an Ion milling process Is effected, 
the first DLC layer 62 along with the lower cohesion layer as 
well as the Al^Oj-TlC body of the wafer bar Is removed around 
the photoresist 65. Consequently, the respective air bearing 
surfaces 40, 43a, 43b are shaped out of the first DLC layer 62 
and the AI2O3-TIC body below the photoresist 65, as shown in 
Fig. 6B. The photoresist 65 Is designed to pattern the leading 
end of the front air bearing surface 40 along a contour line 
intersecting a plane. Including the end surface of the wafer 
bar receiving the magnetic head element, at a predetermined 

inclined angle 9. 

When the air bearing surfaces 40, 43a, 43b have been 
formed in this manner, the formation of the adsorption 
prevention pads 51, 52a, 52b are completed at the same time. 
If the formed tip portions of the respective adsorption 
prevention pads 51, 52a, 52b are covered with the photoresist 
64, 65 during the aforementioned ion milling process, the tip 
portions of the adsorption prevention pads 51, 52a, 52b are 
allowed to completely remain on the wafer bar. 

As shown in Fig. 7A, a photoresist 67 is then formed on 
the exposed surface 61 of the wafer bar so as to define a pattern 
corresponding to the contour of the front rail 35 , the side rails 
49 and the] rear rails 38a, 38b. The photoresist 67 is designed 
to cover the formed air bearing surfaces 40, 43a, 43b as well 
as the formed adsorption prevention pads 51, 52a, 52b. When 
an ion milling process is effected, the AljOg-TlC body of the 
wafer bar is further removed around the photoresist 67. 
Consequently, the front rail 35, the side rails 49 and the rear 
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rails 38a, 38b are thus shaped out below the photoresist 67, 
as shown in Fig. 7B. The photoresist 67 is designed to pattern 
the leading end of the front rail 35 along a contour line 
retracted from the plane, including the end surface of the wafer 
bar receiving the magnetic head element, at a predetermined 
distance. 

When the photoresist 67 has been removed, the front air 
bearing surface 40 as well as the first and second rear air 
bearing surfaces 43a, 43b, capped with the first DLC layer 62, 
are allowed to appear on the top surfaces of the front rail 35 
and the rear rails 38a, 38b, respectively. At the same time, 
the adsorption prevention pads 51, 52a, 52b capped with the 
second DLC layer 63 are also allowed to appear on the top surfaces 
of the front rail 35, the side rail 49 and the rear rail 38b, 
respectively. The steps 42, 44, 45 are defined on the 
respective air bearing surfaces 40, 43a, 43b at their leading 
ends. In this manner, the formation of the bottom surface 31 
can be finished for the respective blocks for the resulting 
flying head sliders 18. 

In defining the leading end of the front air bearing 
surface 40 along the second datum line 56 intersecting the first 
datum line 54 at the inclined angle 6 in the aforementioned 
manner, the front air bearing surface 40 may reach the opposite 
ends of the front rail 35 in the lateral direction of the slider 
,body 31, as shown in Fig. 8, for example. In this case, the 
front air jbearing surface is designed to define the step 41 only 
at the upstream or leading end thereof. 

In addition, when the leading end of the front air bearing 
surface 40 is defined along the second datum line 56 in the 
aforementioned manner, a third datum line 71 may also be defined 
to pattern the downstream or leeward end of the front air bearing 
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surface 40, as shown in Fig. 9, for example. The third datum 
line 71 may intersect the aforementioned first datum line 54 

at a predetermined inclined angle t] . In this case , the 
downstream or leeward end of the front rail 35 may also be defined 
along the third datum line 71, as shown in Fig. 10. 

Otherwise, a pair of parallel second datum lines 72 may 
be employed to define the leading end of the front air bearing 
surface 40, as shown in Fig. 11, for example. The second datum 
lines 72 are designed to intersect the first datum line 54 at 
the inclined angle 0 in the aforementioned manner . In this case , 
the front air bearing surface may be divided into sections 40 , 
40 corresponding to the respective second datum lines 72, as 
shown in Fig. 12. In the case where the front air bearing 
surface is divided into the sections 40, 40 in this manner, a 
pair of parallel third datum lines 73 intersecting the first 
datum line 54 at the inclined angle j] may be employed to pattern 
the leading ends of the respective sections 40, 40 for the front 
air bearing surface, as shown in Fig. 13. 

It should be noted that the front surface 36 of the front 
rail 35 needs not stand on the bottom surface at a position 
retracted or distanced downstreemi from the leading end 34 of 
the bottom surface 32 in any of the aforementioned flying head 
sliders 18. The front surface 36 of the front rail 35 may be 
flush with the front surface 33 of the slider body 31 in some 
cases . 

Figl. 14 schematically illustrates the structure of the 
flying head slider 18 according to a second embodiment of the 
present invention. The flying head slider 18 of this type 
includes first and second columnar pieces 75, 76 integral to 
a front rail 35 to swell forward from a front surface 36 standing 
from a bottom surface 32 at a position retracted or distanced 
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downstream from the leading end 34 of the bottom surface 32. 
The first columnar piece 7 5 Is designed to stand on the bottom 
surface 32 along the front surface 36 at an end of the front 
rail 35 In the lateral direction of a slider body 31 , for example . 
The second columnar piece 76 Is likewise designed to stand on 
the bottom surface 32 along the front surface 36 at the other 
end of the front rail 35 In the lateral direction of the slider 
body 31. An air clogging dished space 77 Is defined between 
the first and second columnar pieces 75, 76 adjacent the front 
surface 36. The first and second columnar pieces 75, 76 enables 
a stabilized pitch angle a of the slider body 31 during a shift 
between the Innermost and outermost recording tracks on the 
magnetic recording disk 13, in place of the aforementioned 
leading end extending along the second datum line 56. Like 
reference numerals are attached to structures Identical or 
equivalent to those of the aforementioned first embodiment. 

In the case where the columnar pieces 75, 76 are formed 
on the front surface 36 in the aforementioned manner, a first 
datum plane 82 may be employed to define the front surface 36 
of the front rail 35 between the first and second columnar pieces 
75, 76, as shown in Fig. 15, for example. The first datum plane 
82 is designed to Intersect a plane 81, including the front end 
surface of the slider body 31, at a predetermined inclined angle 
X. Alternatively, first and second datum planes 83, 84 may be 
employed to define the front surface 36 of the front rail 35 
between the first and second columnar pieces 75, 76, as shown 
in Fig. 16, for example. The first datum plane 83 is designed 
to Intersect the plane 81, Including the front end surface of 
the slider body 31, at a predetermined inclined angle Xl . The 
second datum plane 84 is likewise designed to intersect the 
plane at a predetermined inclined angle X2. The first and 
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second datum planes 83, 84 serve to define continuous planar 
sections over the front surface 36 of the front rail 35, 
Otherwise, oblique planes 85, 85 may be defined on the surfaces 
of the columnar pieces 75, 76, respectively, adjacent the front 
surface 36 of the front rail 35 , as shown in Fig. 17 . The oblique 
planes 85, 85 may be designed to intersect the plane 81, 
including the front end surface of the slider body 31, at a 
predetermined inclined angle X3 , for example . 

The formation of the first and second columnar pieces 75, 
76 in the aforementioned manner may be combined with the front 
air bearing surface 40 of the aforementioned first embodiment 
in the flying head slider 18, as shown in Fig. 18, for example. 
Specifically, the leading end of the front air bearing surface 
40 may be defined along the second datum line 56 intersecting 
the first datum line 54 at the predetermined angle 0. 

It should be noted that any of the aforementioned flying 
head slider 18 may be incorporated in a magneto- optical disk 
drive and other types of a recording disk drive or a recording 
medium drive, in addition to a magnetic disk drive such as the 
aforementioned hard disk drive (HDD) 11, for example. 
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